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Abstract
Solid catalysts have the advantages of ease of recovery and recycling and are readily amenable to continuous processing. Heterogeneous catalysis has already been widely applied in oil refining and bulk chemicals manufacture. The experience and understanding gleaned from these applications from a sound foundation for their use in organic synthesis. Zeolite chemistry is establishing itself as one of the key areas in the evolution of material science as a discipline of great importance in both applied and fundamental research. The well-defined architecture of zeolites consisting of uniform pores and channels make them interesting materials for the organic synthesis. Zeolites can discriminate molecules on the basis of their size and this ability qualified them as molecular sieves. The studies on the catalysis by solid acids are enormous. Though a little attention is devoted to solid base catalysts in comparison with solid acid catalysts, high activities and selectivities are often attained only by solid bases for many types of reactions. The use of zeolites as base catalysts is now an emerging field. In 1756 the Swedish mineralogist Cronstedt observed that mineral stilbite gave of steam, when heated. This result led him to coin the work zeolite, which is derived from two Greek words "Zeo", to boil, and "lithos", stone. From a chemist's standpoint, zeolites are crystalline solids with three-dimensional framework containing uniform micropores. Compositionally, they are aluminosilicates with frameworks built up of corner linked [Si (O 1/2 ) 4 ] and [Al(O 1/2 ) 4 ] - tetrahedra. By modifying the zeolites with alkali and alkaline earth metal cations, they can act as solid base catalysts. The extra framework protons and cations in zeolites are the Bronsted and Lewis acid sites respectively, while the framework oxygens are their conjugated basic sites. Essentially three approaches are described to create basic sites in aluminosilicate zeolites. (i) Exchange of alkali and alkaline earth metal cations, (ii) deposition of clusters of metal oxides and hydroxides and (iii) deposition of ionic and metal alkali clusters. Most of the studies concerning the use of solid base catalysts are related in the production of fine chemicals. The basic modified zeolites can catalyze double bond migration, dehydrogenation, side-chain alkylation, O-alkylation, and condensation reactions etc. CHAPTER-II: Experimental and Instrumental methods Synthesis of ZSM-5 by Arguer and Landlot has been a milestone in zeolite catalysis. The industrially important zeolites, which can be crystallized from Na 2 O-Al 2 O 3 -SiO 2 -H 2 f1 O system, include zeolite-A, HX, HY, mordenite, ZSM-5 and H?. For the present work, ZSM-5 catalyst with Si/Al ratio 30, HY (Si/Al=2.5), HX (Si/Al=1.5) and H?(Si/Al= 15) have been obtained from M/S Conteka (Sweden), M/S PQ Corporation (USA) and M/S Sudchemie (India) respectively. ZSM-5 (30), X, Y, b, mordenite, and MCM-41 catalysts are calcined at 500 0 C for 10 h before their modification with metal cations. These catalysts are modified with alkali and alkaline earth metal ions by impregnation and/or ion exchange methods; the detailed description is given in the thesis. After modification these materials are calcined at 420 0 C for 4 h in the presence of static airflow before using it for the reaction. Synthesis of MCM-41 and mesoporous alumina has been discussed. These catalysts are active for side-chain alkylation reactions of heterocyclic compounds. These materials were characterized by different instruments like X-ray powder diffractometer (XRD), XPS, surface area, and atomic adsorption spectroscopy techniques. Determination of acidity and basicity of various modified zeolite molecular sieves were carried out by NH 3 -TPD, CO 2 -TPD and irreversible desorption of CO 2 techniques. CHAPTER-III: Characterization of catalysts Zeolite molecular sieves modified with alkali and alkaline earth metal ions are characterized by XRD, XPS, NH 3 -TPD, CO 2 -TPD and AAS to see the effect of metal ion in zeolite lattice. All the materials retained the crystallinity even after the modification of the catalysts. The XRD powder patterns of alkali & alkali earth metal ions-modified ZSM-5 (30) catalyst calcined at 420 0 C for 4 h, showed the nitrates of the corresponding metal ion present in the modified zeolite. The decrease of the crystallinity of ZSM-5 (30) was observed due to incorporating alkali metal ions having larger ionic radii, like cesium. These materials showed the medium acidic and medium/strong basic centers, which are useful for side-chain alkylation reactions. CHAPTER-IV: Side-chain alkylation of 2-picoline & 4-picoline with formaldehyde over basic modified zeolite molecular sieves Chapter-IV is further divided into two sections. 

4.1 Section-A: Side-chain alkylation of 4-picoline with formaldehyde Conventionally, 4-vinylpyridine (4-VP) and 4-ethylpyridine (4-EP) were synthesized using Na-Cs or Na-Cs promoted MgO catalyst for oxidative methylation of 2-, 3- and 4-picoline with methane in vapor phase conditions. In this reaction yield of 4-VP is good but the reaction temperature was 750 0 C and side products like CO and CO 2 were observed. The heterogeneous vapor phase alkylation of pyridine and picolines with methanol as alkylating agent over alkali metal ion exchanged X and Y type zeolites in N 2 atmosphere result in the formation of vinyl and ethylpyridine. In this method, selectivity of ethylpyridine is more compared to vinylpyridines. These monomers are useful starting materials in polymer industry. To overcome the disadvantages such as two-step synthesis, low conversions and selectivities with the above methods, we employed a single step base catalyzed synthesis of 4-VP from 4-picoline over alkali and alkaline earth metal ion modified zeolites. The reaction was carried out at 300 0 C temperature, 0.5 h -1 W.H.S.V. and in 1:2 molar ratio of 4-picoline and formaldehyde (37wt/v) at atmospheric pressure using fixed bed down-flow reactor system. The liquid product selectivity of 4-VP is high at 300 0 C with 49.9% and 87.2% conversion and selectivity respectively over 3 wt% Cs-modified ZSM-5 (30). A plausible mechanism for the formation of 4-vinylpyridine was proposed. The products are confirmed by GC-MS, 1 HNMR, and quantified by GC. 

4.3 Section-B: Side-chain alkylation of 2-picoline with formaldehyde 2-Vinylpyridine (2-VP) monomer is commercially prepared by autoclaving acetylene, acrylonitrile using cobaltocene catalyst or oxidative dehydrogenation of 2-ethylpyridine on Cr-Nb catalysts. Generally in most of the processes the synthesis of 2-VP is practiced by a two-step procedure, which involves as base catalyzed addition of 2-picoline to formaldehyde to give 2-(2-hydroxy ethyl) pyridine followed by dehydration to 2-VP monomer. In this method the yields are less. In the present work, side-chain alkylation of 2-picoline with formaldehyde was carried out over alkali and alkaline earth metal ion modified ZSM-5 (30) catalyst at 300 0 C reaction temperature in vapor phase at atmospheric pressure. Alkali metal ions (Na + , K + and Rb + ) modified ZSM-5 (30) and Cs-K-ZSM-5 (30, 1 wt% Cs, 3 wt% K) catalysts were the best catalysts in the synthesis of vinylpyridines. In the best reaction, 95% selectivity towards 2-vinyl pyridine is achieved at 88% conversion of 2-picoline over KO t Bu modified ZSM-5 (30) catalyst at 300 0 C reaction temperature, 0.5 h -1 weight hourly space velocity, and in 1:2 molar ratio of 2-picoline and formaldehyde. CHAPTER-V: Side-chain alkylation of 2,6-lutidine and 2-methylpyrazine with formaldehyde over modified zeolites Chapter-V is further divided into two sections 5.1 Section-A: Side-chain alkylation of 2,6-lutidine with formaldehyde Section-A deals with the side-chain alkylation of 2,6-lutidine with formaldehyde over alkali and alkaline earth metal ion modified zeolites. Conventionally, 2,6-divinylpyridine (2,6-DVP) and 2-methyl-6-vinylpyridine (2M6VP) were synthesized using condensation of 2,6-lutidine and formaldehyde using potassium salts as catalysts [14,15]. This method involves the homogeneous conditions apart from high temperature and pressures. 2,6-DVP is a monomer to produce various polymers, which find wide applications in polymer industry [16,17]. In the present study, synthesis of 2,6-DVP and 2M6VP were achieved for the first time by side-chain alkylation of 2,6-lutidine using formaldehyde as alkylating agent in heterogeneous conditions over basic zeolites. Alkali and alkaline-earth metal modified ZSM-5 (30) catalysts were employed to obtain 2,6-DVP and 2M6VP selectively in vapor phase conditions at atmospheric pressure. Side-chain alkylation activity of 2,6-lutidine is found to be more for K metal ion-exchanged ZSM-5 catalyst than the corresponding K metal ion impregnated catalyst. 4wt% K-ZSM-5 (30) prepared by ion-exchange method is showed 67.5% selectivity of 2,6-DVP at 90.8% conversion of 2,6-lutidine under reaction conditions: reaction temperature is 300 0 C, WH.S.V. 0. 5 h -1 and 1: 4 molar ratio of 2,6-lutidine and formaldehyde. 5.4 Section-B: Side-chain alkylation of 2-methylpyrazine with formaldehyde Section-B presents the side-chain alkylation of 2-methylpyrazine with formaldehyde over alkali and alkaline earth metal ion modified zeolite in vapor phase conditions. Conventionally, 2-vinylpyrazine synthesized by employing following methods: (1) Methylpyrazine is heated in an autoclave with paraformaldehyde to produce 2-hydroxyethylpyrazine, which was converted to vinylpyrazine by dehydration with molten KOH [18], (2) Vinylpyrazine has also been synthesized by a Hofmann exhaustive methylation reaction on the Mannich product obtained from the reaction of methylpyrazine with formaldehyde and dimethylamine hydrochloride. (3) Substituted vinylpyrazines were also synthesized by the iodine-catalyzed dehydration of pyrazylmethylcarbinols. This method involves three steps for the synthesis of vinylpyrazine, which generates number of compounds as by-products [19]. The above methods for the synthesis of vinylpyrazine, employed homogeneous conditions, which poses separation problems. 2-Vinylpyrazine is an intermediate for the preparation of caramels, which are useful materials in foodstuffs. These compounds can be used as coloring and flavoring agents and are commonly referred to as 'E 150' [20]. In the present synthesis of this target compound, we adopted a heterogeneous single step process using 2-methylpyrazine and formaldehyde over alkali and alkaline earth metal ion modified zeolite catalysts in vapor phase conditions. Side-chain alkylation of 2-methylpyrazine is found to be more for K-metal ion impregnated catalyst. 3wt% KZSM-5 (30) catalyst gave high selectivity to 2-vinylpyrazine (99.9%) at 34.9% conversion of 2-methylpyrazine at reaction conditions: reaction temperature, 300 0 C; 0.5 h -1 weight hourly space velocity and in 1:2:1 molar ratio of 2MPz: HCHO: H 2 O. It has been found that the water played an important role as an additive to minimize the coke formation during the side-chain alkylation of 2-methylpyrazine. CHAPTER-VI: Side-chain alkylation of Acetophenone and 4-picoline This chapter is further divided into two sections. 
6.1 Section-A: Side-chain alkylation of Acetophenone with formaldehyde Section-A presents the side-chain alkylation of acetophenone with formaldehyde over alkali and alkaline earth metal ion modified X zeolite. Conventionally, phenylvinyl ketone (acrylophenone) and phenylethyl ketone (propiophenone) were synthesized using condensation of ethylene and benzoyl chloride in the presence of anhydrous aluminum chloride [21]. This method involves homogeneous conditions and HCl is liberating as one of the by-product. Synthesis of phenylvinyl ketone has also been reported by the treatment of acetophenone with 37% aqueous formaldehyde solution in the presence of morpholine in refluxing acetic acid [22]. All these methods involve the homogeneous condition, which posses separation problems and also formation of by- products are more. In the present work, side-chain alkylation of acetophenone with formaldehyde was carried out over alkali and alkaline earth metal ion modified zeolite X catalyst at 300 0 C reaction temperature in vapor phase atmospheric conditions. The best conditions for the side-chain alkylation of acetophenone with formaldehyde observed over K modified X (5wt%) at 300 0 C reaction temperature, in 1:2 molar ratio and 0.5 h -1 weight hourly space velocity. The liquid product selectivity of phenylvinyl ketone is above 65% at 42.8% conversion of acetophenone were achieved. 

6.4 Section-B: Side-chain alkylation of 4-picoline with benzaldehyde Section-B presents the side-chain alkylation of 4-picoline with benzaldehyde over alkali and alkaline earth metal ion modified Y zeolite. Conventionally, styrylpyridines (4-stilbazole) are prepared by two-step procedure i.e. heating of 4-picoline with benzaldehyde in an excess of acetic anhydride or by a high temperature condensation with zinc chloride as catalyst [23,24]. These two methods involve homogeneous media and acetic acid formed as a by-product, which is pollutant in environment. In our present work synthesis of 4-stilbazole compound, we adopted a heterogeneous process using 4-picoline and benzaldehyde over alkali and alkaline earth metal ion modified zeolite catalysts in vapor phase conditions. Side-chain alkylation activity of 4-picoline with benzaldehyde is found to be best over Cs metal ion-impregnated zeolite Y catalyst. 3wt% Cs-Y showed 91.6% selectivity of 4-stilbazole at 49.5% conversion of 4-picoline at reaction conditions: reaction temp. 300 0 C, in 1: 2 molar ratio of 4-picoline and benzaldehyde, and WH.S.V. 0. 5 h -1 . 
  	 


